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𝑡𝑝
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𝐼(𝑥) = 𝐼(𝑥0) exp[−𝜎(𝑥 − 𝑥0) ]
 𝜎
𝑥
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Δ𝑡 𝑡
Δε𝑎,𝑛(𝑡, Δ𝑡) = 𝐼𝑎𝑏𝑠 ,𝑛(𝑡)(Δ𝑥)
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𝑇1(𝑡 + Δ𝑡) = 𝑇1(𝑡) +
Δ𝑡
(Δ𝑥)2
 
𝑘1→2
𝜌1𝐶1
 (𝑇2(𝑡) − 𝑇1(𝑡))
𝑇2(𝑡 + Δ𝑡) = 𝑇2(𝑡) +
Δ𝑡
(Δ𝑥)2
 
𝑘2→1
𝜌2𝐶2
 (𝑇1(𝑡) − 𝑇2(𝑡))
𝑘1→2 = 𝑘2→1 𝛽𝑖 = 𝑘1→2/𝜌𝑖𝐶𝑖(Δ𝑥)
2
 (
𝑇1(𝑡 + Δ𝑡)
𝑇2(𝑡 + Δ𝑡)
) = ( 
1 − 𝛽1Δ𝑡 𝛽1Δ𝑡
𝛽2Δ𝑡 1 − 𝛽2Δ𝑡
 ) (
𝑇1(𝑡)
𝑇2(𝑡)
) = [𝕀 − Δ𝑡 ( 
𝛽1 −𝛽1
−𝛽2 𝛽2
 )] (
𝑇1(𝑡)
𝑇2(𝑡)
)
Δ𝑡
𝑛 Δ𝑡/𝑛
𝑛
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𝑛→∞
[𝕀 −
Δ𝑡
𝑛
( 
𝛽1 −𝛽1
−𝛽2 𝛽2
 )]
𝑛
 = exp [−Δ𝑡 ( 
𝛽1 −𝛽1
−𝛽2 𝛽2
 )]
Δ𝑡 𝛽𝑖
𝑀 = ( 
𝛽1 −𝛽1
−𝛽2 𝛽2
 )    det( 𝑀 − 𝜆𝕀 ) = 0    ⇒     𝜆1 = 0       𝜆2 = 𝛽1 + 𝛽2
𝜆1 = 0
𝑇1 𝑇2
𝜆2 = 𝛽1 + 𝛽2
𝑃𝑖
𝑀 = 𝜆1𝑃1 + 𝜆2𝑃2           𝑃1 + 𝑃2 = 𝕀         𝑃𝑖
2 = 𝑃𝑖
𝜆1 = 0   ⇒     𝑃2 =
1
𝜆2
𝑀
 𝑀 = 𝜆1𝑃1 + 𝜆2𝑃2 = 𝜆1(𝕀 − 𝑃2) + 𝜆2𝑃2 = 𝜆1𝕀 + 𝜆2𝑃2 − 𝜆1𝑃2
exp(−Δ𝑡 · 𝑀) = exp(−𝜆1Δ𝑡 · 𝕀) + exp(−𝜆2Δ𝑡 · 𝑃2) − exp(𝜆1Δ𝑡 · 𝑃2) =
= exp(−𝜆1Δ𝑡) 𝕀 + exp(−𝜆2Δ𝑡) 𝑃2 − exp(𝜆1Δ𝑡) 𝑃2 = 𝕀 + (exp[−(𝛽1 + 𝛽2)Δ𝑡] − 𝕀)
𝑀
𝜆2
Δ𝑡
𝑇1(𝑡 + Δ𝑡) = 𝑇1(𝑡) +  
1 − exp[−(𝛽1 + 𝛽2)Δ𝑡]
1 + 𝛽2/𝛽1 
 (𝑇2(𝑡) − 𝑇1(𝑡))
𝑇2(𝑡 + Δ𝑡) = 𝑇2(𝑡) −
1 − exp[−(𝛽1 + 𝛽2)Δ𝑡]
1 + 𝛽1/𝛽2 
 (𝑇2(𝑡) − 𝑇1(𝑡))
lim
Δ𝑡→∞
𝑇1(𝑡 + Δ𝑡) = 𝑇1(𝑡) +
𝛽1
𝛽1 + 𝛽2 
  (𝑇2(𝑡) − 𝑇1(𝑡))
lim
Δ𝑡→∞
𝑇2(𝑡 + Δ𝑡) = 𝑇2(𝑡) −
𝛽2
𝛽1 + 𝛽2 
 (𝑇2(𝑡) − 𝑇1(𝑡))
lim
Δ𝑡→∞
(𝑇2(𝑡 + Δ𝑡) − 𝑇1(𝑡 + Δ𝑡)) = 0
𝛽1 = 𝛽2
 lim
Δ𝑡→∞
𝑇1(𝑡 + Δ𝑡) =  
𝑇1(𝑡) + 𝑇2(𝑡)
2
lim
Δ𝑡→∞
𝑇2(𝑡 + Δ𝑡) =
𝑇1(𝑡) + 𝑇2(𝑡)
2
Δ𝐸𝑖(𝑡, Δ𝑡) = 𝜌𝑖𝐶𝑖(Δ𝑥)
3 (𝑇𝑖(𝑡 + Δ𝑡) − 𝑇𝑖(𝑡))
Δ𝐸1(𝑡, Δ𝑡) = −Δ𝐸2(𝑡, Δ𝑡)    ⇔      
𝜌1𝐶1
1 + 𝛽2/𝛽1 
=
𝜌2𝐶2
1 + 𝛽1/𝛽2 
 
𝛽𝑖 = 𝑘1→2/𝜌𝑖𝐶𝑖(Δ𝑥)
2 𝑘1→2 = 𝑘2→1
Δ𝑡
𝑇𝑛(𝑡 + Δ𝑡) = 𝑇𝑛(𝑡) + ∑ [ 
1 − exp[−(𝛽𝑐 + 𝛽𝑛)Δ𝑡]
1 + 𝛽𝑐/𝛽𝑛 
 (𝑇𝑐(𝑡) − 𝑇𝑛(𝑡))]
𝑐
+
Δ𝑡
Δ𝑥
 1 − exp[−𝜎𝑛Δ𝑥]
𝜌𝑛𝐶𝑛
𝐼𝑛(𝑡)
 2 × 2 2𝑁 × 2𝑁 𝑁
𝑇1 𝑇2 𝑦 𝑇3
𝑇1
𝛽𝑖 = 𝑘1→2/𝜌𝑖𝐶𝑖(Δ𝑥)
2
 
  
 
  𝜌 (kg/m3)
[10]
𝜌𝑠ó𝑙𝑖𝑑𝑜(𝑇) = 9910.3 − 0.3599 · 𝑇      𝜌𝑙í𝑞𝑢𝑖𝑑𝑜(𝑇) = 10695.8 − 1.1868 · 𝑇
544 K
[11]
3980 kg/m3
[12]
2200 kg/m3
2310 kg/m3
300 K 1.2 kg/m3
 𝑘 ( W / m · K )
[13]
𝑘(𝑇) = 7.34 + 9.5 · 10−3 · 𝑇
8.2 W/m K
[11]
 𝑘(𝑇) = 2.045 · 104 · 𝑇−1.135
1.4 W/m K 300 K
119 W/m K 300 K
[12]
0.0262 W/m K 300 K
 𝐶 ( J / kg · K )
[14]
𝜆
~ 54 kJ/kg
[11]
 (1.08 · 104 + 1.808 · 𝑇 − 3.143 · 108 · 𝑇−2)
704  J/kg · K 300 K
839  J/kg · K 300 K
[12]
1.012 · 10−3  J/kg · K 300 K
 𝜎 ( m−1 )
𝜆 = 800 nm
3.7883
800 nm [15]
6 · 107 m−1
0.00654 800 nm
[15] 105 m−1
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